New lower bounds for seven classical Ramsey numbers are obtained by considering some circulant graphs G n (A i ) with n ≥ 142 whose orders might be either prime or not. The results are
Known results on the Ramsey numbers R(3, q) and the new lower bounds in this work
The determination of the classical Ramsey numbers is a very difficult problem in combinatorics. The first few exact values for them, R(3, 3) = 6, R(3, 4) = 9, R(3, 5) = 14, R(4, 4) = 18, R (3, 3, 3) = 17, were obtained by Greenwood and Gleason [2] in 1955. They computed their lower bounds by constructive methods and then used the existence method to show that these lower bounds are the upper bounds as well. Since then, many scholars have obtained more results by using the same method. The survey article [8] keeps an updated record of all known exact values and new lower bounds for small Ramsey numbers. It also contains the following formulas: [1] .
(1) [13] . [13] .
On the basis of our previous work [3] [4] [5] [6] [7] [9] [10] [11] [12] , we considered some circulant graphs of prime order or non-prime order with n ≥ 142 and obtained seven new lower bounds of Ramsey numbers. 
Some lemmas
Given an integer n ≥ 9, let Z n denote the system of smallest nonnegative residues modulo n, that is,
Unless specifically stated, all modulo n operations of integers are understood to be in Z n . The equality sign '=' means congruent modulo n. 
Use V = Z n to represent the set of vertices of the complete graph K n and the set E of edges of K n is represented by the set of subsets of two elements of Z n in a natural way. Let E = E 1 ∪ E 2 be the partition such that 
In this way, the sets S 1 and S 2 give rise to a 2-coloring of K n and circulant graphs G n (A i ) for i = 1, 2. By Ramsey's theorem, obviously we have
Proof. Obviously f induces a one-to-one correspondence of the set of vertices. For arbitrary x, y ∈ V = Z n , the equality f (y) − f (x) = x − y implies {x, y} ∈ A i if and only if {f (y), f (x)} ∈ A i . Thus f carries every S i -colored edge to an S i -colored edge.
For any i ∈ {1, 2}, consider the cliques and clique number of G n (A i ). 
Since either x j ∈ S i or n − x j ∈ S i (both hold if n is even and x j = m), we have 
Algorithm 1 (A Method for Computing the Lower Bounds of Ramsey Numbers using General Circulant Graphs
). (1) Given an integer n ≥ 5, let m = n 2 . Given a 2-partition S = S 1 ∪ S 2 of S = [1, m]where both S 1 and S 2 are nonempty, let qi = |S i | for i = 1, 2. Let i = 1. (2) Set A i = {x|x ∈ Z n , x ∈ S i or n − x ∈ S i }. Sort A i lexicographically. Assume that A i = {x 1 , x 2 , . . .}. Set [A i ] = 1, j = 1. (3) For x j ∈ S i , find d i (x j ) = {y|y ∈ A i , y > x j and x j − y ∈ A i }. If |d i (x j )| = 0 go to (5).(
The proof of Theorem 1
In terms on Definition 1 we investigated some circulant graphs G n (A i ) with n ≥ 142, among which G 181 (A i ) has prime order while the others have non-prime orders. Given n and the set S 1 The computations for the clique numbers of all G n (A i ) in Table 1 were done on a microcomputer whose CPU is AMD3500+.
The program ran for about eight hours. 
